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Actin  and  myosin filaments as  a  foundation of 
contractile  systems  are  well  established  from 
ameba to man (3). Wolpert et al. (19) isolated by 
differential centrifugation from Amoeba proteus a 
motile  fraction  composed  of  filaments  which 
moved upon the addition of ATP. Actin filaments 
are found in amebas (1,  12,  13) which  react with 
vertebrate  heavy  meromyosin (HMM),  forming 
arrowhead  complexes  as  vertebrate  actin  (3,  9), 
and  are  prominent within  the  ectoplasmic tube 
where some of them are attached to the plasma- 
lemma (1,  12). Thick and thin filaments possessing 
the  morphological characteristics of myosin and 
actin have been obtained from isolated ameba cy- 
toplasm (18,  19). In addition, there are filaments 
exhibiting ATPase activity in amebas which react 
with  actin  (12,  16,  17). However,  giant  ameba 
(Chaos-proteus)  shapes  are  difficult to  preserve, 
and the excellent contributions referred  to above 
are limited by visible distortions occurring in the 
amebas  (rounding up,  pseudopods  disappearing, 
and  cellular  organelles  swelling)  upon  fixation. 
Achievement of normal ameboid shape  in recent 
glycerination work  (15)  led  us  to  attempt  other 
electron microscope fixation techniques, resulting 
in a  surprising preservation of A. proteus with a 
unique orientation of thick  and thin filaments in 
the ectoplasmic region. 
MATERIALS AND  METHODS 
Amoeba proteus was grown in Chalkley's solution, and 
the food source was Colpidium. Amebas were starved for 
at least 48 h to reduce cytoplasmic inclusions. The fixa- 
tion solution for electron microscopy consisted of: 0.001 
M ethylene glycol bis(/~-aminoethyt  ether)N,N,N,'N'- 
tetraac~tic acid (EGTA), 0.5% acrolein, 5% glutaralde- 
hyde and cacodylic buffer, adjusted to a pH of 7.4. The 
objectives of fixation were: (a) achieving rapid penetra- 
tion by adding large volumes of fixation solution to  i0 
amebas, with judicious stirring; and (b) preventing con- 
traction of amebas with EGTA. Fixation time was 2 h at 
25~  Satisfactory  fixation was based on retention of 
ameboid shape as judged by light microscope examina- 
tion. Selected specimens were washed and stained with 
1%  osmium tetroxide for  1.5  h,  dehydrated, and em- 
bedded in Epon (6). Thin sections were cut with a dia- 
mond knife on an LKB ultramicrotome, and the sections 
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and examined in a JEM  10.0 B electron microscope. 
RESULTS 
Fig.  1  illustrates  the  preponderance  of  rough 
endoplasmic reticular (RER). Oriented thick and 
thin filaments (Fi) are seen along the periphery of 
this cell, but no oriented thick and thin filaments 
are visible in the left cell extension. In Fig. 2, the 
thick and thin filaments near the periphery overlap 
and they follow the contours of the cell.  RER is 
present  immediately  below  the  thick  and  thin 
filaments. Fig. 3 illustrates a striking overlapping 
of thick and thin filaments (left side), and shows a 
continuous layer of these  filaments near the  pe- 
riphery of this section. The arrow indicates a 
possible attachment  of filaments to  the  plasma- 
lemma.  Note  that  the  oriented filaments do  not 
appear to enter the prominent cell extension at Y. 
DISCUSSION 
Filaments as  a  possible basis  for  contraction in 
amebas have been reported by many investigators 
(1-5,  10,  12  14,  16,  17). With HMM labeling of 
thin filaments there was found a  specific  orienta- 
tion  of labeled  filaments within the ectoplasmic 
tube positioned near and/or attached to the plas- 
malemma (1,  13). With HMM labeling in ameba, 
thin filaments are beautifully illustrated but thick 
filaments are rarely found within the ectoplasmic 
tube (1,  13). ATPase activity in contracting ameba 
has  been  reported  (12,  16,  17,  19). In extracted 
cytoplasm of ameba exhibiting streaming, Taylor 
et  al.  and  Wolpert  et  al.  (18,  19)  demonstrated 
FIGURE  1  The filaments (Fi) along the periphery of the ameba. Note the lack of filaments extending into 
the cell extension at lower left. There is abundant RER in this section from the front end of a pseudopod. 
￿ 
194  BRIEF  NOTES FIGURE 2  Thick  and  thin  filaments  (Fi) overlapping  near the periphery  of the cell and following the 
contours  of the surface. The RER is particularly noticeable in this photograph,  x 125,000. Section taken 
from front end of a pseudopod. 
thick  and  thin  filaments.  Comly  (1)  found  thick 
and thin filaments in glycerinated amebas but the 
filaments had  no  specific orientation because the 
ameboid  shape  is  lost  after  most  fixation  tech- 
niques (1, 5,  10,  11, 13). Pollard and lto (12) found 
thick- and thin-filament clusters in the ectoplasmic 
tube  in  A.  proteus  but  they  did  not  have  the 
orientation  or  appear  as  a  relatively continuous 
layer of filaments as in this report. 
Recently, glycerinated contractile models of A. 
proteus  and  C.  chaos  have  been  achieved  with 
preservation of ameboid shape (15). Upon addition 
of  ATP-Ca-Mg  to  these  models,  the  amebas 
contracted  to  as  much  as  50%  of their  original 
volume.  Preliminary electron  microscope exami- 
nation of these glycerinated models demonstrated 
that  thick and  thin  filaments were present  in the 
ectoplasmic  tube  of A.  proteus  similar to  those 
found in glycerinated C. chaos (5,  16). 
The present investigation demonstrates, for the 
first time in A. proteus with conventional electron 
microscope fixation, that thick and thin filaments 
can  be  seen  in  a  unique  orientation  around  the 
periphery of the cell directly underneath the plas- 
malemma.  Further, these filaments in A. proteus 
are so oriented that they appear to resemble (Fig. 
3) in their orientation the thick and thin filaments 
found  in  muscle  cells.  They  form  a  continuous 
region  of  contractile  material  which  is  usually 
positioned directly under the plasmalemma within 
the ectoplasmic gel, and some of the thin filaments 
appear to be attached to the plasmalemma (1,  13). 
These filaments are disposed predominantly paral- 
lel to the plasmalemma. These oriented arrays of 
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pseudopods or c,r  extensions (Figs. 1-3). Further, 
we did not find them within the frontal zone of an 
advancing pscudopod  in A. proteus.  The orienta- 
tion  and  distribution  of the  thick  and  thin  fila- 
ments in A. proteus are similar to those found for 
the small ameba Thecamoeba sphaeronucleolus  by 
Haberey (2). 
Contraction by the association of thick (myosin- 
like) and  thin (actin-like) filaments was proposed 
in the sliding filament model (SFM)  for ameboid 
motion  (14).  Other  workers  have  suggested  the 
interdigitation of filaments for ameboid motion (3, 
13).  A  major  assumption  for  the  SFM  is  that 
actin-like  and  myosin-like  filaments  reach  their 
contractile states within the ectoplasmic tube of an 
ameba, which is inseparably based on the ectoplas- 
mic tube contraction theory advanced by Mast (7, 
8). Muscle-like contraction,  one assumes,  requires 
a  highly  organized  interaction  between thick  and 
thin  filaments.  Therefore,  we  suggest  that  the 
ectoplasmic  tube  may  be  a  matrix  permitting 
precise orientations of these two filaments relative 
to one another to achieve contraction. 
We express our sincere appreciation to Dr. S. Dryl and 
Dr.  L.  Kuznicki  for their facilities, aid,  and  kindness. 
Robert A. Rinaldi wishes to dedicate this paper to Mr. 
Robert Schutz for his aid. 
This work was supported  by the Polish Academy of 
Sciences and the M. Nencki Institute. 
Received for publication 2 Jt~ly 1974, and in revised form 
7 March 1975. 
REFERENCES 
1.  COMLY, L. T. 1973. Microfilaments in Chaos caroli- 
nensis. J. Cell Biol. 50:230-7. 
2.  HABEREY, M.  1973. Riiumliche anordung yon Plas- 
mafilamenten bei Thecamoeba sphaeronucleus. Cy- 
tobiologie, g:61-75. 
3.  HUXLEY, H. E. 1973. Muscular contraction and cell 
motility. Nature (Lend.).  243:445-449. 
4.  JAHN, T.  L.,  and  G.  BOVEE. 1969. Protoplasmic 
movements within cells. Physiol. Rev. 49:793-862. 
5.  KOMNICK,  H., and K. E. WOHLFARTH-BOTTERMANN. 
1965.  D'as Grundplasma  und  die  Plasmafilamente 
der  AmiSbe Chaos chaos nach  enzymatischer  Be- 
handlung der Zellmembran. Z. Zellforsch. Mikrosk. 
Anat. 66:434-456. 
6. Lurr, J. H.  1961. Improvements in epoxy resin 
embedding methods. J. Biophys. Biochem. Cytol. 
9:409-414. 
7. MAST, S. O. 1926.  Structure,  movement, locomotion 
and stimulation  in  amoeba.  J.  Morphol. 41:347-425. 
8. MAST, S. O. 1931.  Locomotion in  Amoeba proteus 
(Leidy).  Protoplasma.  14:321-330. 
9. MOORE, P. B.,  H. E. HUXLEY, and D. J. DE ROSIER. 
1970. Three-dimensional reconstruction  of F-actin, 
thin  filaments  and decorated thin  filaments.  J. Mol. 
Biol.  50:279-295. 
I0. NACHMIAS, V. T. 1968.  Further  electron  microscopic 
studies on the fibrillar  organization of the ground 
cytoplasm of Chaos chaos.  J. Cell  Biol.  38:40. 
l 1.  NACHMIAS,  V. T., H. E. HUXLEY, and D. KESSLER. 
1970.  Electron  microscopic  observations  on  ac- 
tomyosin  and  actin  preparations  from  Physarum 
polycephalum,  and  on their interaction with heavy 
meromyosin  subfragment  from  muscle  myosin.  J. 
Mol.  Biol. 50:83-90. 
12.  POLLARD, T.  D.,  and  ITO, S.  1970. Cytoplasmic 
filaments  of  Amoeba  proteus.  J.  Cell  Biol. 
46:267-289. 
13.  POLLARD, T.  D.,  and  KORN,  E.  D.  1973. The 
contractile  proteins  of  Acanthamoeba  custellanii. 
Cold  Spring  Harbor  Symp.  Quant. Biol. 37:573- 
584. 
14.  RINALDI, R.  A.,  and  W.  BAKER. 1969. A  sliding 
filament model of amoeboid motion. J. Theor. Biol. 
29:463-474. 
15.  RINALDk R.,  M.  OPAS, and  B.  HRERENDA. 1975. 
Contractility of glycerinated Amoeba proteus and 
Chaos chaos. J. Protozool. 22:286-293. 
16.  SCH~:FER-DANNEEL,  S.  1967. Strukturelle und funk- 
tioneile  Voraussetzungen  fur  die  Bewegung  yon 
Amoeba  proteus.  Z.  Zellforsch  Mikrosk.  Anat. 
78:441-462. 
17. SIMARD-DUQUESNE,  N., and P. COUtLLARD.  1962. 
Amoeboid movement.  I. Reactivation of glycerin- 
ated  models of  Amoeba proteus with  ATP. Exp. Cell 
Res. 28:85-91. ' 
18.  TAYLOR  D. L., J. S. CONDEELIS, P. L. MOORE, R. D. 
ALLEN.  1973. The  contracile  basis  of  ameboid 
FIGURE 3  Note the obvious overlapping of thick and thin filaments on the left side of this photograph, in 
contrast to the more sparse numbers of filaments on the right side of the photograph. The arrow at the left 
indicates  a  spot  where  the  filaments  come  into  close  proximity  with  (and  possibly  attach  to)  the 
plasmalemma. Y indicates a place where oriented thick and thin filaments turn and do not extend into the 
small pseudopod. Mitochondria (Mi) are prominent. Section taken from the uroid region,  x62,500. 
BRIEF NOTES  197 motion.  1.  The  chemical  control  of  motility  in 
isolated cytoplasm. J. Cell Biol.  59:378-394. 
19.  WOLPERT, L., C. M. THOMPSON, and C. H. O'NEILL 
1964.  Studies on  the isolated  membrane and  cvto- 
plasm  of Amoeba proteus  in  relation  to  ameboid 
movement.  In  Primitive  Motile  Systems  in  Cell 
Biology.  R.  D.  Allen  and  N.  Kamiya,  editors. 
Academic Press, Inc., New York.  143-171. 
198  JOURNAL OF CELL BIOLOGY - VOLUME 66,  1975  ￿9 pages  198-200 